ABSTRACT OBJECTIVES This study was performed to determine the accuracy of right ventricular (RV) longitudinal strain (LS) in predicting myocardial fibrosis in patients with severe heart failure (HF) undergoing heart transplantation.
R ight ventricular (RV) systolic function is an important prognostic factor in heart failure (HF) with longitudinal systolic amplitude of motion and myocardial strain predicting exercise capacity and survival (1) (2) (3) (4) . Such measurements of RV free wall have proved essential in contributing to 80% of its stroke volume and are able to explain the cavity adaptive mechanisms to volume and pressure overload (5) . RV longitudinal and transverse shortening decline also occurs in RV failure in pulmonary arterial hypertension, which in late stages is associated with progressive leftward septal displacement (6, 7) .
The aim of this study was to determine the value of right ventricular longitudinal strain (RVLS) in predicting the extent of RV myocardial fibrosis in patients with end stage HF requiring heart transplantation (HT). Society of Echocardiography (10, 11) . Studies were performed using Vivid 7, GE Medical System echocardiograph (Horten, Norway), equipped with an adult 1.5-to 4.3-MHz phased array transducer, and an echocardiogram continuously displayed. LV ejection fraction was calculated from the apical views using the biplane modified Simpson method (10) and LV mass using the Penn formula (12) and was indexed to body surface area (BSA).
LV DIASTOLIC FUNCTION. Pulsed-wave Doppler velocities of LV filling were recorded from the apical 4-chamber view by placing the sample volume by the tips of the mitral leaflets. Early (E) and late (A) diastolic LV filling velocities were registered and E/A ratio was calculated (13) and used as standard index of LV diastolic function (14) . The LV filling pattern was considered restrictive when the E/A ratio was >2.0, E-wave deceleration time <140 ms, and the left atrium dilated, and >40 mm in diameter (15) . Raised E/e' was also taken as a marker of raised filling pressures (16) . The same method was used to obtain RV filling velocities and measurements (17) .
RV MEASUREMENTS. RV volume was measured from the 4-chamber view at end-diastole. The mid-cavity diameter was measured in the middle third at the level of the LV papillary muscles (18) .
RV LONGITUDINAL FUNCTION. RV longitudinal function was studied using the pulsed tissue Doppler imaging technique with the sample volume at the level of tricuspid lateral annulus from the apical 4-chamber view (19) . Peak systolic (s'), early diastolic (e'), and late diastolic (a') tricuspid annular velocities were obtained. s' is considered to be a relatively load-independent index of RV longitudinal systolic function, and e' and e'/a' ratio are considered to be load-independent markers of diastolic relaxation. Tricuspid RV SYSTOLIC FUNCTION. RV sphericity index (SI), was calculated at end-diastole by dividing the short axis by the long-axis diameters (18, 23) . Values are n (%) or mean AE SD.
ACE ¼ angiotensin-converting enzyme; ARB ¼ angiotensin receptor blocker; CRT-D ¼ cardiac resynchronization therapy and defibrillation implantation; NT-proBNP ¼ N-terminal pro-hormone of brain natriuretic peptide; NYHA ¼ New York Heart Association.
FIGURE 1 Measurement of Right Ventricular Free Wall Longitudinal Strain
The dashed curve represents the average LS of only free wall RV segments along the cardiac cycle. LS ¼ longitudinal strain; RV ¼ right ventricular; AVC ¼ aortic valve closure.
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College of Chest Physicians statement). Oxygen saturation was monitored with pulse oximeter and 12-lead electrocardiogram monitoring was recorded throughout the test. Blood pressure was taken before and at peak exercise. Furthermore, using arterial and venous blood gas analysis we obtained oxygen concentrations at rest and at peak exercise.
During the cardiopulmonary exercise, the exhaled gases were collected by a pneumotachograph attached to a mouthpiece, with concomitant nasal occlusion, and was quantified by a metabolic analyzer The ratio of the fibrosis area to the total sample area of each section was used to assess the degree of RV fibrosis (%) as (fibrosis area-total area) Â 100 (26). specificity were calculated using standard definition, receiver operating characteristic curves were constructed, and area under the curve was calculated for the prediction of severe RV myocardial fibrosis.
Multiple regression analysis was performed to explore the independent determinants of RV fibrosis.
RESULTS
Patient's mean peak VO 2 was 11.2 AE 1.7 ml/kg/min (I quartile: 9.8 ml/kg/min; II quartile: 11.2 ml/kg/min Figure 1 .
[also the median], III quartile: 12.8 ml/kg/min; IV quartile: 14.6 ml/kg/min). They had reduced exercise capacity (NYHA functional class III to IV) and elevated NT-proBNP value (I quartile: 1,545 pg/ml; II quartile: 3,362 pg/ml [also the median], III quartile: 5,145 pg/ml; IV quartile: 10,479 pg/ml) ( Table 1) .
Right heart catheterization data are listed in Table 2 .
Patients underwent HT 22 AE 14 days after the echocardiographic examination. Seventeen patients (63%) had severe RV myocardial fibrosis (>50%).
PATIENTS VERSUS CONTROLS. Compared to controls, patients had higher LV mass index (p < 0.0001), reduced ejection fraction (p < 0.0001) (inclusion criterion) and reduced LV global LS (p < 0.0001). LV e 0 was lower (p ¼ 0.002), whereas E/A and E/e 0 were higher (p < 0.0001 for both) ( Table 3) . Table 4 ).
Stepwise multivariate analysis showed that RV free CLINICAL IMPLICATION. This study shows that RVLS is able to estimate RV systolic performance and to predict the extent of myocardial fibrosis in patients with end-stage HF requiring cardiac transplantation.
These data can be useful to guide towards optimal medical therapy in HF patients and to identify patients with RV dysfunction before they develop severe irreversible myocardial fibrosis. Having such sensitivity, RV free wall LS could be used to identify patients likely to respond to more aggressive medical treatment, i.e., pressure offloading, compared to those needing an LV assist device implantation (32) .
Even in the latter, RV free wall LS might stratify patients needing cardiac transplantation rather than a hope for recovery by LV assist device (30) .
STUDY LIMITATIONS. The measurements of global and free wall RVLS depend on adequate 2-dimensional apical views to permit an easy delineation of the RV endocardial border and to permit the visualization of the entire RV free wall. Despite these limitations, the RV speckle tracking echocardiography analysis was performed in all patients with good reproducibility. Our study has a limited patient number, despite being a homogenous population. Values are (%).
Abbreviations as in Table 3 .
Eleven patients (41%) had CRT and RV leads, and 
